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FOREWORD

The US Army Combat Systems Test Activity (USACSTA (Prov)) (formerly
Materiel Testing Directorate (MID)), Aberdeen Proving Ground (APG), MD,
conducted this investigation and prepared this report as part of an effort to
improve the quality of ballistic measurements. Ackuowledgement is given to Mr.
Bryan Mitchell for fabrication and field testing of the Digital Recoil Travel
Measurement System,

(Page 2 Blank)
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1.1 BACKGROUND

Measurement of weapon recoil travel versus time has been a standard
ballistic measurement requirement for many years. S8ince the 1950s, a
continuous rotation, single turn potentiometer drivem by a rack and pinion gear
has been used on a variety of -large caliber wespons. A sample record obtained
with this transducer is in Figure 1l.1-1. Satisfactory data b.ve been produced
by this system, but the data records suffer from a number of problems:

a. When the potentiometer rotor crosses the gap between the ends of the
stator element, an open circuit noise spike is generated.

b. The potentiometer noise output increases with wear.

c. The recording bandwidth must be high enough to capture the level
change generated by crossing the gap in the stator. This is normally an order
of magnitude higher than the actual motion bandwidth.

d. The record generated by the potentiometer cannot be read directly, but
rather must be processed by a computer program which generates a displacement
versus time record.

Problems a and b apply equally to analog or digital data acquisition
systems. Problem ¢ applies primarily to a digital system where limited memory
is used rapidly by the higher ssmple rate needed to accurately reproduce the
gap transition. Problem d applies primarily to an analog system as there is no
wvay to perform the anslysis at the test site wvhereas in & digital system the
problem means additional processing time.

Providing the test director with an immediate indication of test results
was generally not possible until recently, when the transition from analog to
digital data acquisition facilities occurred. The new Ballistic Test Site
Terminals (BTST) are digital data ascquisition systems which provide the
technician with a means to reduce data to engineering units in the field, with
the prerequisite that he have a transducer which produces a usable signal and
the software to interpret that signal.

The problems with the potentiometer output have been recognized for
several years. A digital means of measuring recoil was attempted by J. G.
Yeager as detailed in TECOM Report No. DPS-2363, 1967. Mr. Yeager discussed
the results of development of an optical measurement system, in which a
photoelectric transducer head and coded tape were used to produce a pulse
output.

Considering the results achieved by this method and the advances in
technology, additional investigation was considered necessary. Elimination of
the rack and pinion concept is mnot of great benefit; after the initial
investment in design and fabrication, they last indefinitely and require
adjustment infrequently. Replacement of the potentiometer was considered to be
the key to improving the measurement.
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1.2 OBJECTIVES

The objectives of this project are to identify an improved recoil travel
transducer, and to provide the test director with recoil travel versus time
plots in near real time, at the test site.

1.3 SUMMARY OF PROCEDURES

An  incremental shaft emcoder (fig. 1.3-1, 1.3-2, and 1.3~3) was selected
a8 a replacement for the continuous potentiometer. Circuitry was then
developed (fig. 1.3-4, 1.3-5 and, 1.3-6) to interface pulses from the shaft
encoder to s Hewlett Packard 1000 computer in the BTST. Finally, software was
written to provide recoil distance traveled, a plot of recoil travel versus
time, and s plot of recoil velocity versus time.
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1.4 SUMMARY OF RESULTS i~

A typical record of recoil travel versus time is shown in Figure 1l.4-1. B
Occasionally, data with obvious discontinuities is acquired, as in Figure e
1.4-2, These discontinuities have been found to be the result of a i
misalinement of the rack amd pinion gear. Figure 1.4-3 illustrates a failure £
to return to sero, which may be & miBalined rack or a failure of the weapon to PR
return to battery. VWhen the technician encounters this situation, firing DN
should be stopped and the problem discussed with the test director. '-':.
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; 1.5 ARALYSIS

1 The digital recoil travel system permits a more detailed analysis of
recoil and counterrecoil than the potentiometer method. As a result, some
anomalies in recoil travel records mot previously observed are currently being
investigated. These irregularities appear on displacement versus time records
showing the curve passing through zero, indicating counterrecoil motion beyond
the recoil start position as shown in Figure 1.5-1. This phenomenon may be the
result of an incomplete return to battery on a previous shot(s), resulting in _
an apparent excessive counterrecoil distance on a successive shot(s) if the gun .
returns wmore fully toward battery. The cumulative effect of different recoil :
starting points must be considered during a test because there is no point of

reference between a position on the gun and a numerical output from the
incremental shaft encoder circuitry.
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1.6 CONCLUSION

Digital recoil measurement is superior to amalog recoil measurement in
terms of transducer signal quality amd speed of data reduction.
1.7 RECOMMENDATIONS -

&, Whemever computer controlled test facilities are available, digital
recoil measurements should be the preferred test method.

7
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i

b. Additional digital recoil circuitry should be fabricated for BTSTs.
It may be possible to incorporate the circuitry directly into the Adaptive
S8empling Rate Digitizers in the BTSTs.
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2.1 TRANSDUCER SELECTION jia
An  imcremental, optical shaft encoder was selected as a digital j;;
alternative to a continuous potentiometer., A market search of available O
encoders produced a wide variety of available models, The design features of ‘:;ﬁ

interest for this project were:

a. Rugged construction. The shock of weapon firing was expected to be a .

critical factor. .

- . J

b. Physical size. A direct replacement of the potentiometer was desired. ’

If an encoder of the proper size could be located, modifications to existing
rack and pinion gears would be minimixed.

c. Slew speed. During recoil, maximum speed of the pinion gear could
cause encoder failure.

d. Pulses per revolution. Consideration of pinion gear diameter versus
pulses per revolution was necessary to assure adequate resolution,

e. Electrical signal output. Several hundred feet of cable are typically
used during a firing test. A line driver output was considered necessary.

f. Envirommental specificatioms. A -51.1° C (-60° F) to 51.7° C (125° F)
temperature range is demanded by some envirommental temperature tests.

A BEI Electronics, Inc. heavy duty encoder, shown in Figures 1.3-1, -2,
and -3, was selected to satisfy the system requirements., The specific part
number ordered was H25D-8B-250-ABC-7830-SM18-5, which is interpretable when
compared with the encoder specifications in Appendix B. Briefly, the encoder
has the following characteristics.

a. 250 pulges per revolution.

b. Dual quadrature, complementary output channpels.

c. 0.25 inch shaft diameter.

d. =-40° C to 80° C temperature range.
e. Flat on encoder shaft 0.50 inch by 0.03 inch. ;;f;

f. Incandescent encoder illumination.

This encoder has performed reliably through extensive 155-mm, 120-mm and ;'Aﬁ
105~-mm firing. Initially, an LED was preferred to the incandescent o
illumination, since durability was thought to be superior with an LED. N

Bowever, the manufacturer recommended an incandescent lamp, and no failures
have been experienced to this date.




: 2.1 (Cont'd)

- Two pinion gear dismeters are availsble for recoil tests, selected
N sccording to test specifications. The 7.446 inch and 5.108 inch diameters
correspond to 0.0298 inch and 0.0204 inch per pulse, which is considered
sdequate resolution. Certain weapons will exceed the encoder slew speed
specification when the smaller gear is used; however, the amount is not
excessive and it is a tramsiemt comdition.

e R A -
Whi R

A flexible shaft coupling (fig. 1.3-1) was added to the encoder to
minimise axial and radial loading. The coupling selected is produced by Metal
I Bellows Corporation, model R3-856, PN 26046.

The -40° C temperature specification for the encoder is not adequate for
all envirommental chamber tests. The feasibility of applying a thermal element
to the inside surface of the encoder is currently being investigated.
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2.2 ELECTRONRIC INTERFACE CIRCUITRY DESIGN

" Pulses from the shaft encoder are not directly compatible with a computer.
N Interface hardware is required to detect direction of shaft rotation, increment
or decrement s counter, and provide a latched signal to the computer interface
circuit. A block diagram is shown in Pigure 2.2-1.

A schematic drawving of the electronic interface circuitry is shown in
Figure 2.2-2. Dual differential receiver Ul2 receives two output signals in
quadrature from the encoder and provides TTL signals to D flip-flop U8. If
U8-3 (clock) goes high while U8~2 (D input) is high, then U8-5 (IQ output) is
high., These conditions exist while the weapon is recoiling. 8ince U7-2 is
high, pulses from the encoder are applied to the Bj input of one-shot U5.
One-shot U5 then generates a 0.6 microsecond pulse at U5-4 (IQ output) for each
pulse from the encoder. These pulses increment BCD cownters U21, U22, U23, and
U24.

During counterrecoil, U8-5 is 1low and U8-6 is high. This results in
pulses being applied to the B2 input of one-shot U5S. One-shot U5 generates s
0.6 wmicrosecond pulse at U5-12 output) for each pulse from the encoder.
These pulses then decrement BCD counters U21, U22, U23, and U24.

Following the counter circuitry, 74L8174 latches U18, Ul9, and U20 ensure
that the output data camnot change at the time of computer sampling. There are
two examples of latch circuit operation shown in Figure 2.2-3. On the rising
edge of the pulse generated by the shaft encoder, U7-3 (increment, recoil) or
U7-6 (decrement, counterrecoil) triggers a 0.6 microsecond low pulse from U5-4
(increment) ox U5-12 (decrement). The rising edge of an up or down pulse from
the shaft encoder also produces a 1.2 microsecond low pulse from U3-4, The
computer samples the counting circuit st an interval defined by a software
cycle. Sampling is completed when DFLGA goes low, which produces a high pulse
of 1.4 microsecond duration at U3-5. There are two requirements to assure
proper sampling. First, approximately 20 nanoseconds must be allowed for the
counter output to settle after changing count input. Second, approximately
20 nanoseconds must be allowed for the latch  output to settle after changing
the latch input. When reviewing the timing diagram, it is also important to
note that the minimum time period expected between pulses from the encoder for
the highest velocity recoil is approximately 100 microseconds. The computer
sampling period is approximately 1 millisecond. There is no dependency between
the varying rate of pulse output from the encoder and the fixed computer rate
of sampling.

In the first timing example in Figure 2.2-3, the computer is signaled that
the data input operation is complete on the negative edge of DFLGA. U3-5 then
goes high for 1.4 microseconds. The latches are clocked once by U7-8 when U3-4
goes low, latching at the circuit output the most recent counter output. When
the counter change does occur, U3-4 stays low for a short period so that the
latch is not allowed to update until the counters have settled. U3-5 then goes
low, and the latches are again updated, but with the new count.

.‘
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i

In this example, since the computer is signaled that the data input
operation is complete immediately before a counter change, two latch updates
occur,
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2.2 (Cont'd)

In the second exsmple in Pigure 2.2-3, only one latch update occurs,
because the negative going DFIGA transition occurs after the counter change.
Regardless of the manner in which the 1latch update occurs, the computer reads
the 1latch output which was updated at the completion of the previous computer
input operation. Latch updatea only occur after the computer completes an
input operation.
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2.2 (Cont'd)

[(d

Encoder =77
U7-3 or U7-6 I

counter change

———————

'123Q Latch 0.6 microsecond
U5-4 or U5-12

. —_— | Counter - s
123Q U3-4 | Settle . 1.2 microsecond !.fff

Examgle 1: ai;_;
R
DFLGA ‘l .

'123Q U3-5 1.4 microsecond

U7-8 Lj
to latches I

(U3-4 NAND
U3-5)

Example 2:

DFLGA 1

'123Q U3-5 1.4 microsecond

U7-8
to latches I

(U3-4 NAND
U3-5)

Figure 2.2-3. Interface unit timing diagram.
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2.3 SOYTWARE DEVELOPMENT ;Li

. . ;.7_4

The philosophy used in the software development was to take the dats from Zij

the hardware circuitry and format it into a data file which is identical to
that produced by a BTST. This format is described in detail in Appendix L of <
RDI Task Final Report of Research and Development of Software, Ballistic Test
8ite Terminal, C. L. Praneis, Report APG-MI-5952, Jsnuary 1984. The advantage
of this technique is that all of the BTIST software is available to plot and
process the recoil travel data. The only disadvantage of this technique is
that the bardware supports a range of 0 to 9999 counts but the BIST file format

supports a range of -2048 to +2047. With the available rack and pinion gears ff1
and the anticipated weapon recoil ranges, this is not a problem as long as the e
reduced range is taken into account. B
N

The software assigns channel 30 as the recoil travel channel, The labels, )
comments, and transducer gage factor are entered into this channel's parameter .
area., 8ince there is only ome 32 channel BTST, this use of chancel 30 =
generates no conflict with the other data acquisition channels. The data o
samples are stored in computer memory until the required number is obtained. L
Then the data samples are reformatted and written to disc in BTST data record .
format. In addition, a sample to sample difference is generated and stored as o
channel 31 to provide velocity versus time. —
The software generated for this task consists of: gia

a. FORTBAN program RCOIL which: };ﬁ

(1) Obtains number of samples to be taken. ::j

(2) starts data acquisition on command. 2

(3) Provides options of saving or forgetting data.
b. HP 1000 assembly language routine RFADR which:

(1) Provides a synchronization pulse at the start of data acquisition
cycle.

.. . -
. PRI

R s
ML S
M . T

LA RA aia e

(2) Reads data from hardware using a software timing cycle and stores
values in computer memory.

c. FORTRAN subroutine RTRAN which:

(1) Stores available documentation information on disc.

(2) Reformats data samples and stores on disc in BIST format as ,;;
channel 30. N
:"; :.l

(3) Stores sample to sample differences as channel 31, 23

AR

S

d. FORTRAN function JBCD which converts BCD data to 2's-complement binary
data. )

Listings of the software are contained in Appendix C.
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2.4 FUTURE DEVELOPMENTS
2.4,1 lower Temperature Range Expansion

Weapons are exposed to & variety of envirommental conditions during
developmental testing. The shaft encoder cited in this report is rated to
- -40° C (~40° P), and will operite properly for the majority of weapon tests
conducted under cold temperature conditions. However, for testing conducted
from -40° C to -53.9° C (~40° F to -65° F), addition of a heating element to
4 the shaft encoder is planned. The element is expected to be a thin rubber mat,
h attached to the inner wall of the encoder. Current to the element will be -
controlled by a temperature sensor in the encoder, providing a feedback signal Rk
to circuitry in the BTST,

k 2.4.2 Integration into BTST

The standalone circuitry and software generated by this task provided an ’
easy way to test the concept of using a digital shaft encoder to record recoil E
travel., Each BTST contains an Adaptive Sample Rate Digitizer (ASRD) which is
described in detail in Appendix D of RDI Task Final Report of Research and
Development of Software, Ballistic Test Site Terminal, C. L. Francis, Report o
i APG-MT-5952, January 1984. If the analog-to~-digital (A/D) converter board is —eed
removed from the ASRD and an appropriate interface card substituted, then the |
recoil travel channel can be recorded in the same manner as any other ballistic o
signal. By integrating the recoil travel into an ASRD channel, this data can
now be synchronized with the other channels and all of the triggering and data
compression features of an ASRD channel are available. The data word will be N
changed to 12 bit binary with a range of -2048 to +2047 instead of the curremnt —
16 bit BCD with a range of 0 to 9999. It should be possible to automatically b
reset the interface when an ASRD arm command is issued. p ;rﬂ

Sty
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SECTION 3. APPENDICES

APPENDIX A - ILIR INVESTIGATION PROPOSAL AND AUTHORIZATION

| DISPOSITION FORM

For use of this form, ses AR 340-18; the proponent sgincy is TAGO.-

REFEAENCE OR OFFICE SYMBOL SUBJECT
STEAP-MT-M FY84 ILIR Program
10 cgjgf.ﬂN&A—B+vf§Tﬁﬁ__f . FROM Chief, M&TM Division DATE 4 November 1983 CMT 1

G. Thomson/vh/2444
1. Authorization is hereby provided for the following ILIR Project (Encl 1):
TITLE/TRMS No. Digital Recoil Travel Measurement System/7-CO-IL4-AP1-001
2. This project has been assigned funding in the amount of $5000 under XO0/WO 30595401-02.
3. The special instructions contained in Enclosure 2 are applicable to this ILIR project.

Assistance on matters pertaining to this project can be obtained from George Thomson, ext.
2444/2734.

2 Encl DWARD V. SOMODY
as

DA m 2496 PREVIOUS EDITIONS WILL BE USED #U.S, GOVERMMENT PRINTING OFFICE: 1982-372-711




1"DISPOSITION FORM

For use of this fevm, see AR 340-18; the proponent spency s TAGO.

AEFERENCE OR OFFICE SYMBOL SUBJECT
STEAP-MT~-G In-House Laboratory Independent Research (ILIR) Projects
Propolalg
XX THRU €7 Brt-Meny—ir FROM C, Fld Inst Sec OATE 18 Peb 83 CMT 1
- ‘Mr. Betzold/1v/2208
TO C, M&A Div- .

Attached is an ILIR project proposal.

;‘A
! Incl %cron A. BETZOL

STEAP-MI-G (18 Feb 83)

T0 Chief, M&IM Div FROM Chief, MgA Div DATE 24 Feb 83 oMT 2
. Mr. Fasig/kjz/4102

Recommend approval of this proposal. .

. W. FASIG
STEAP-MT-G ,
»
THRU WW FROM " C, Fld Inst Sec DATE 18 Oct 83 CMT 3

O MEA—-Div. Mr. Betzold/lv/2208
TO  C, M&TM Div
No funding has been received for this project. Completion of this project would vastly improve

data acquisition for the LAT of the M198. The amount of $5,000 is requested for fabrication of
hardware and field testing.

[t AT

1 Encl ICTOR A. BETZOLD -
nc

S
]
. o
A-2 a o
O
- Y

nl A'..omn ’)ﬁ oc PREVIOUS EDITIONS WiLL BE USED wU,. 5. QOVERMMENT PRINTING OFPICR: 1982-322-7111
~—wy
:‘:..1
: e e o)
e R IR By o T B RSO T A C . e R T CIETTIL S RN - :“n.‘_ w~1
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. " ILIR TASK PROPOSAL

TASK TITLE: Digital Recoil Travel Measurement System
PRINCIPAL INVESTIGATOR: V. A. Betzold -

FUNDS REQUIRED: $10,000

"~ SCHEDULE: 5
COMPLET 10N . W
TASK (Time from start - months) -
Hardware/Software Development 4 3?
Field Testing ' 9 i
Complete Report 12
DESCRIPTION: .

Recoil travel measurement. of direct fire and artillery weapons
is presently accomplished with analog potentiometers and analog recording
facilities. The analog data is then processed at a later date by Analytical
Branch. This data acquisition process contradicts the ADAPT concept:
process the data on site to provide quality control and immediate feedback
to the test director. :

The Digital Recoil Travel Measurement System provides a direct
interface to the ADAPT system. An incremental shaft encoder is used on the
weapon in place of the potentiometers, and increments an up/down counter
circuit. This ‘circuit is interfaced to a desktop calculator or Ballistic
Test Site Terminal computer, and plots of displacement vs time and velocity
vs time can be generated at the test site. A sample plot of displacement vs'
time is attached. Commercial systems do not exist to meet this requirement.

............

..........................................
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APPENDIX B - ENCODER SPECIFICATIONS,
CONNECTOR PIN ASSIGNMENTS

i 7230 Hollister Avenue
BE' Elec.tromcs, lnc. Goleta, California 93117
Industrial Encoder (805)968-0782
Division

Specification

924 - 02002 - 001
General Specifications

i Type H25

Incremental Optical Encoder

AR L e .

: ACTUAL SIZE 3
: o

- N
Lo 8
N

- Notice: The design and specifications of the instruments and accessories illustrated =

N and described 1n this publication are subject to improvement without notice. —

P PREP BY  PP0p— 2
: Doug MgGyire 8/16 o1
) CHK =
a B General Update 6/24/80 [Dale te ]i
- PPD # -
. A | Paragraph 3.5, Change 36° to 27° 1/23/80 f]erry . Jandt e
- 1979 BE| Electronics, <
. REY DESCRIPTION DATE tnc.

P 8E1 Form 802A (7911) B-1
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< Y Inc. 7230 Hollister Avenue

' ;}Fsig BEI E'eCt.ronics' Coleta, California 93117
. N Industr'la.l .Encoder (805)968-0782

. A Division

TITLE General Specifications ©924-02002-001
~ Type H25 Rev
l Incremental Optical Encoder Sht 2 of 11 B
El 1.0 Scope: This specification describes the BEI Industrial Encoder
- Division Heavy Duty Type H25 Incremental Optical Encoder.
|| ‘ .
2.0 Mechanical Specifications
2.1 Dimensions See Figures 2, 3 and 4
R 2.2 Shaft Diameter Standard: .3747/.3745 Dia.
Options: Available with
stepped shaft .2497/.2495
Dia.
2.3 Optional Flat on Shaft .50 long X .03 deep
)
. 2.4 Shaft Loading Up to 40 Tbs Axial and
: 35 1bs Radial
. 2.5 Shaft Runout .0005 T.I1.R.
il 2.6 Starting Torque at 25°C 1.0 0z. In. Max.
. (Standard without shaft seal)
2.7 Starting Torque at 25°¢ 1.5 0z. In. Max.
. (With optional sealed bearings)
B 2.8 Starting Torque at 25°C 5.0 0z In. Max.
- (With optional shaft seal)
jfj 2.9 Bearings Class ABEC 7 g
o 2.10  Shaft 416 Stainless Steel =
]
N 2.11 Housing and Cover Die Cast Aluminum R
- 3
S 2.12 Bearing Life (mfg's 2 X 108 Revs at rated shaft -3
- specifications) loading. 5 X 1010 Revs at 10% 3
S of rated shaft loading. -
b C g
. 2.13 Moment of Inertia 4.1 % 1074 0z. In. Sec.2 -
f._:}: 2.14  Slew Speed 5000 RPM Max. <
i 2.15  Weight 13 0z. Typ. X
b
T
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Y nc. 7230 Hollister Avenue o
) i{% BEI Electronics, Inc Goleta, California 93117 T
i P Industrial Encoder (805)968-0782 -
; A Division R
| TITLE - : S
. General Specifications 924-02002-001 Rev :
- Type H25 s
/| Incremental Optical Encoder Sht_3 of 11 B -]
3.0 Electrical Specifications -
1 3.1 Code Incremental ffx
3.2 Cycles Per Shaft Turn 1 to 2540 on code disk
‘ 3.3 Supply Voltage See Table I
= 3.4 Current Requirements TTL 200 Ma Max,150 Ma Typ
: CMOS 150 Ma Max,125 Ma Typ
3.5 Output Format 2 Channels (A and B) in
: quadrature + 270 electrical
- at 10 KHZ. See Figure I.
R
: 3.6 Output Format Options Index & Complementary outputs
are available
. 3.7 Output Options See Table I
i TABLE I
i} Optional
: Pull-up Supply Voltage
h 1.C. Number Type Feature Resistor Qutput 5%
j SN7404 TZL Totem Pole 16 MA/SV +5VDC
_ SN7406 T2L Open Coll- 470 Chms 40 MA/30V +5VDC
. ector
» Hi Voltage .
» 8
SN74C04 CMOS 5 to 15VDC* R
MC680 HTL Totem Pole 15VDC
B MC681 HTL Open Coll- 15K Ohms 15VDC :
p - ector o]
MC689 HTL Open Coll- 15K Ohms 20V 15VDC
ector e
) Hi-Voltage : T
> OMB830 T Line Driver 5VDC o
MMBSC 30 CMOS Line Driver 5 to 15VDC* ;‘.}
*Specify actual voltage "?ﬂ
, B-3
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industrial Encoder

BE! Electronics, Inc.

7230 Hollister Avenue
Coleta, California 93117
(805)968-0782

TITLE

3.8

General Specifications
Type H25

Incremental Optical Encoder Sht_4 of 11 B

I1lumination

Frequency Response

Frequency Response
(Index)

Environmental Specifications

Temperature
Operating
Storage

Shock

Vibration

Humidity

Options (For the following
option capability, consult
factory for complete
specifications)

Direction Sensing

Interpolation

Dual Resolution

Sinewave

" 924-02002-001 Rev

Incandescent Lamp
(40,000 hours life) or
LED, optional

50 KHZ

20 KHZ

0 to 70°C05tandard
-25 to 90°¢C

50 G's for 11 MSEC
duration

5 to 2000 HZ @ 20 G's

98% RH without condensation

Pulse Output X1, X2 or X4

Multiplied Square Wave
Qutput X5

Selectable Qutput

Differential amplified
outputs
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nc. 7230 Hollister Avenue o
BE' EleCtl'OlliCS, : c Coleta, California 93117 -

Industrial Encoder (805)968-0782
Division

g General Specifications . 924-02002-001 Rev
Type H25 -
h Incremental Optical Encoder Sht 5 of 11 ; -
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: . lectronics, Inc. 7230 Hollister Avenue ]
i ;}(‘\ BEI E Ct, cs, Coleta, California 93117 ’
. N Industrial Encoder (805)968-0782 ) Lo

Division

- .
TITLE GENERAL SPECIFICATIONS 924-02002-001 Rev N
Type H25 8 o
Incremental Optical Encoder Sht_6 of 11 "
) _— MS3102E Connector g
Alternate - See table II for size K
Connector ) R
position _\_ .‘“”‘
- — | _ 1
[ SR
I (=1 ' A - }
) 1 'I'
| 1 E
ll 2.50 = T
’ U- {‘ Max L
i "---Ll
2.52 .280 S
% 2,50 Oia. 270 -
Cover _l 4
1 ' .305 ]
295
3747
.3745 Dia. —] | - 91
l 85
1.2500 . '
1.2495 Dia. - ?.02 X 45°

+ .0
2.650 - g 2.069

J
Square S I > T 2.059
!

Or—
oun

| IO 1.037 Ry
1.027 e
& & - &8
—/ / FIGURE 2 ? -
ENCODER DIMENSIONS -
.21R o 1.037 PTG ;
1.027 A1E Heoy
2.069
2.059
B-6 2

..................................................................
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n lectronics, Inc. 7230 Hollister Avenue D

BEI Elect s, Coleta, California 93117 -

F Industrial Encoder (805)968-0782 e
%

Sl i S S S A il e AR w ~—
Sy S N Tt R A T L (M e s T T N W W T F TR TN TIPS RSN E DA i i B i i - Sy coun e 4 v - v
- . . . - . - - - . . . - - - - R . . -

Division
TITLE General Specifications " 924-02002-001 Rev
Type H25 e
Incremental Optical Encoder Sht_7 of 11 B N
- MS3102E Connector

See Table II for size o
Alternate ! R
Connector :i‘
Position \ . :
! ! o
T 1 w i
:l [ ) ‘;
,| I -
| [ -

41

Ly

g:gg Dia. Cover ' o
.105 Fove
1 {' .095 o

] i N

)| 1
_I ’ .305
.100 Min : ] .295

.3747 o
.3745 o S,

1 '35 e
1.2500 . -
1.2495 Dia. - T_.oz X 45° o
———— 2.31 Dia. —— o

o 1,25 S

—

\ . 2.510 .. o
’/ 2.490 Dia. :::;_:

y———

L

Dia. -

See figure 5 for
Facemount options
FIGURE 3 - ENCODER DIMENSIONS
4-7 TYPE H25E
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Y BE! Electronics, Inc. 7230 Hollister Avenue =
{; : Coleta, California 93117 x
o industrial Encoder (805)968-0782

Division
TITLE . .
General Specifications 924-02002-001 Rev .
Type H25 8 -
Incremental Optical Encoder Sht_8 of 11 w
MS3102E Connector o
Alternate see Table II for size L
Connector ) -
position
- _J'ul W .-
( [
T | X
[l
|
I 2.50
Ly ' Max
.130 -
.120 -
X Cover 130 =
: .120 S
L T
| 1 o
.3747 T "‘
.3745 Dia ) ‘ %g o
>~ 2502 p. 1 .02 X 45°
2.498 V1%
260, B
|
1.65
Figure 4
h | Encoder Dimensions -~
Type H25G o
See Figure 5 NOTE: Shaft Seal is not
for Face Mount available in this housing
Options o8 configuration X

......................................................
...........................................
..................................................................
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- g i ne. 7230 Hollister Avanue L
'%( i‘« BEI Elec'm'“cs' Inc Goleta, California 93117 S
Industrial Encoder (805)968-0782 o
2 Division
TITLE . -
General Specifications 924-02002-001 Rev s
Type H25 — o
Incremental Optical Encoder Sht_9 of 11 B .
FIGURE § s
Face Mount Options LT
0 10-32 UNF-2B EaR
el X .188 Min. Deep —
F| 3 places equally spaced on a ®
©1.875 Dia. bolt circle. S
45 ’ 4-40UNC-28 o
I .250 Min. Deep N
4 places equally spaced . »
* F2 on a 1.272 Dia. bolt circle .‘
(.900 square, Ref) SN
Not available on H25D or H25E o
..
4-40UNC-28 -
.250 Min. deep S
4 places equally spaced R .
on a 2.000 Dia. bolt circle e
'
/ 6.32UNC-28
30° \ g .250 Min. deep o
3 holes equally spaced »
Rx F4 on a 2.000 Dia. bolt circle e
4
B-9 | 2




N g nc. 7230 Hollister Avenue
e BEI Ekc‘,mnics' Inc Coleta, California 93117
Industrial Encoder (805)968-0782
A Division
TITLE General Specifications 924-02002-001 Rev
Type H25
Incremental Optical Encoder Sht 10 of 11 B
TABLE I1
STANDARD CONNECTOR TERMINATIONS
CONNECTOR MS3102E-16S-1P MS3102E-18-1P
OUTPUT CHANNELS CH. A& B WITH |JCH., A & Z WITH PIN CH. A,B &Z WITH
OPTION A, B AND Z COMPLEMENTS COMPLEMENTS COMPLEMENTS
PIN: '
A CH. A A A A A
B CH. B B A B B
C CH. Z A Z C yA
D +V +V +V D +V
E NO CONN. B 7 E NO CONN.
F GROUND GROUND GROUND F GROUND
G CASE GROUND CASE GROUND CASE GROUND| G CASE GROUND‘
H A
I B f
J 7

.
e % N
aata -




BE! Electronics, Inc.
X0 .
4, industrial Encoder

Division

7230 Hollister Avenue
Goleta, California 93117

(805) 968-0782

6.0

SHAFT SEAL CONFIGURATION:

S = Special Non-Standard Features

General Specifications
Type H25

" 924-02002-001

Incremental Optical Encoder Sht 11 of 11

Ordering Information: Encoder may be specified using the

following model numbering system:

Rev R
B P o .

TYPE:
H = Heavy Duty
BASIC SIZE:

= 2.500
HOUSING CONFIGURATION LETTER:

25

D = Square Flange (Fig. 2)
E = 2.50 Dia Servo Mount (Fig. 3)
G = 2.62 Dia Servo Mount (Fig. 4)

FACE MOUNT OPTIONS (Fig. 5)
F1, F2, F3, or F4
Blank = None

§S = Shaft Seal (Not available on H25G)
SB = Seal, Integral with Bearing
Blank = Shielded Bearing
CYCLES PER TURN:

Enter Cycles:
500 = 500 cycles
2500 = 2500 cycles
Etc.
NO. OF CHANNELS:

A = Single Channel
AB = [ual Quadrature Channels
ABZ = Dual with Index
AZ = Single with Index
COMPLEMENTS:
C = Complementary Outputs
Blank = None

OuTPUT 1.C.

7608, 7406, 8830 etc. (See Table I)
Followed by "R" = Pull-up Resistor
ILLUMINATION:

Blank = Incandescent (Standard)
LED = Light Emitting Diode (Optional)
OUTPUT TERMINATION LOCATION:

£ = End
S = Side
OQUTPUT TERMINATION:

M16 = MS3102E165-1P Connector
M18 = MS3102E18-1P Connector

specified on purchase order or
customer's spec.

B~1]

.....................




Interface Unit Cannon Plug Encoder Plug

Pin Function Pigtail Cable Pin
A Output B Brown i Brown A
B Output A Red Red B
C Output B Orange Orange c
B v+ Yellow Yellow D \
E Output A Green Green E
F v- Blue Blue F
G Sen + White White D
H Sen - Black Black F
J Case Ground Shield Shield G

Interface Unit and Encoder Connector Terminations.

)

.
M
Lodd s

.
o
-

B-12 R
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HEWLETT-PACKARD 1000 COMPUTER INTERFACE CABLE

Edge Connector D Connector Function
Pin Pin
] ! - Bit O
2 2 Bit 1
3 3 Bit 2
4 4 Bit 3
5 5 Bit 4
6 6 Bit 5
7 7 Bit 6
8 8 Bit 7
9 9 Bit 8
10 10 Bit 9
11 11 Bit 10
12 12 Bit 11
13 13 Bit 12
14 14 Bit 13
15 15 Bit 14
16 16 Bit 15
Z 22 Command
AA 23 Device Flag
BB 24 Ground .::z:‘:
e
R
)
W Ty
S
7y
-".i
)
R
e
P
SNy
Hewlett-Packard 1000 Computer Interface Connector Terminations 5{?
TN
B-13 -

(Page B-14 Blank)




APPENDIX C - SOFTWARE LISTINGS

dackkr T=00000 IS ON LU 02

FTH4
PROGRAM RCOILC >, REV & 2hH0V33  CLF

e e e 20 00 20 2 24 34¢ 30 e e 340 ot e S0 o e Sh o o o o o0 oR o o oF: e ook 3930 o v 2ol o N O o 4 e 3 3 0 06 A ol o 200 2 206 2% 206 e 2 30 e e o oz e o s S K

THIS PROGRAM ALLOWS RECOIL TRAVEL DATA TO BE TAKEN USING A SHaFT
ENCODER, COUNTER CIRCUIT AND 1256£B~/C COMPUTER INTERFACE. THE
PRDOLURAM USES DFF-LINE ORIVER PROGRAM READR TO TAKE THE SAMPLEc
FROM THE COUNTER CIRCUIT ANC STORE THEM IN COMPUTER MEMORY, 4
SOFTWARE TIMING L00P IS USED TO MAKE MEASUREMENTS AT 1.28 MILLI-
SECOND _ INTERVALS., THE BUFFER SIZE IS iK-12K IN 1K INLREMENT».
DATA ACQUISITION IS INITIATED UNDER OPERATOR CONTROL ., WHEN THE
BUFFER HAS BEEN FILLED THE DATA IS TRANSFERED TQ DISC BY SBRTH
RTRAN, RTRAN PLACES THE DATA IN AN _ADCHK FORMAT II1I DATR FILE.
IN ADDITION THE VELODTITY I35 CALCULATED BY DIFFERENCING THE
DISPLACEMENT DrRTA.

TO USE THE PROGRaM THE FOLLOWING STEPS SHOULD BE FOLLOWED:

i. UbINh THE P& COMMaND MAKE RPFRDPRIQTE ENTRIES FOR PARAMETERS
S - thg FACTORCDISTANCE/COUNT >

2

22 THRU 24 - TRRNUDHPER DESCRIPTION

25 THRIJ 27 PLDOT LABELS % REMARKS

WHEN FINIbHEG SET PQRAMETER 1 (SELECTED)> TO N3,

2. AFTER COMPLETING LD % aR FOR THE ASRD LHﬂNNELb, RY,RCOIL
ENTER THE D&Ta SIZ2E DESIRED., WHEN READY TD TAKE aTn, HIT
CARRIAGE RETURN, IF HECESSARY TD GET 0OUT TYPE EX

3. WHEN DAT& ACGUISITION 1S COMPLETED, DETERMINE IF DATA IS TO
BE SAVED.

RULRCOIL, INTRCTY LUCDFLT=11,04TA DISC LUCDFLT=19),
taTa STarT TRHLL(UFLT CIRECTORY )

REV A 28MaR23 CLF ORIGIMAL.
2NDW23  CLF  ADD CHECKS FIR EXIT & SAVING DATA,
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DIMENSIDHN IFhﬂ(?:%
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00
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09
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00
09
00
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111
1]1)
00
09
00
00
go
)
00
gy
00
)0
0o
Ly
00
a0
)]
0o
09
00
]
0o
oY
0y
v
Do
0o
1)
D0

2
2
2
2
2
2
2
2
3
x]
3
3
3
3
3
3
3
-

CHCICICTIO OO O 00 CCTICICI O IO CITICICICIOI TC0CI0

AMETERS

FmA-

(XU vy ¢

¥
:

IﬂT‘QBI

.3
i
X

Y l:
~“’U Am
- [T X-

Z -

Nt

COMION IBUF«)
CALL RNPHR'IFhH!
L= IPPM\l)
IFCLL) 203, D-Lu i
LiJDk=1PRMC o
IFc LUDK B lk=12
IDTREK= o
IFCIDTR BrIDTRK=-1
O odeoksoks GET R ENTRIES
R ITEY 10 3 i
123 FORMATC "EHTES MY OF -5MIR0DS OF [DATa TO TAKE: ")
REALDC 1, * sMHOELD
IFCNWORDS LT, 1 2R, MHMORDS 2T, 12503 TO 200
HIJORDS=MNORD =+ 7 (24
Cowedwsk CHECK IF READY FOR Dale 0R EXIT
WRITECLL, 120
120 FORMATC AMERTYE CARRIAGE FETURN TO TebE DATA ~ EX TO TERMINLTE, o
READCLY, 1302 (S .
14107 FORMATCAZ )
IFCTaMNS B, 2HEXN DD T2 209
oowesrd TEvE DalTa
CALL RPEADRC [ MuilRNDS »
2oaweds CHECK TF T T OBE SVELD

1l WRITECLL, 120
150 FORMATY A Sae Dvald IH MEMIRY O DISTOYE OR NO»F "o
FEAQDCLI, 13D [JH*
IECTIAHS JHE., =HVUT ANk Terpim E , ZHED WD TD (&
IFC Ivans B, 'Huu,rz Tis 20
Coaws WiRITE DATé 70 DToC
Catl, BTRarC L, Lale, TRTRE, Miglis
ooweedw DIOME
200 EME
Erl £
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sdckokkor TaQ0000 IS ON LU

ASMB - :
NaM READR REVY 8 05Janis4 LOLF

sfeage 3o oo b ohe oje 2 b 3 2je 2he e e e pe ke o 1 e b obe ol e 306 o o b 33l o o b v o e g 3 e o o B o Do S ol o sl e ok ok e s e s oK e ok s ik o s o Sk o

THIS SUBROUTINE READS THE OPTICAL SHAFT ENCODER RECOIL TRAVEL
TRANSDUCER AND FILLS A BUFFER WITH THE READINGS.

A& SOFTWARE TIMING LOOP IS UcED TQ GEMNERATE THE TI
FOR TAKING THE READINGS, IT_IS SET TD TAKE A REA
1280 MICROSECOHDS(RATE 5 0OF THE ASRDD.

THE 12566B 125652 CARD MUST BE JUMPERED TO PROVIDE:

*

MING INTERVQL
DING EVE

FOTCHII N (O TS et s . ot s s e s . € €2 €5 D D CO C00 1
A GIN — CD I 01 1B GINI = O DB O 5. G

Wi = B - POSITIVE aRUE LDMM#ND_ . ) ,
W2 = A A CLEaR _DEVICE FF POSITIVE EDGE OF FLasG
W3 =a_ A STROBE baTn IN DN POSITIVE EDGE 0OF FLAL
53 = DONT CaRE

a—

W3= IN uT LATCH INPUTS ON FLAG
Wo = DONT LQRE .
W10= 125568 1umPnTIBILITY

Wit= DUT POSITIVE TR

Wiz= iN POSITIVE TRUE

Wt3= UUT

REV B 05JaN84 CLF ADD DUTPUT ON BIT 0 TO START EXTERNaAL CHAMHEL .
REY A 2aMars3 CLF ORIGIMNAL.

e i e s ke hof obeofe ool o ole deofe sl R b pb N0 b ok ook ol ool bt g oo o ob ool b sl b o bl bk b sk ok ok b b ok b ok

ENT READR )
EXT $LIBR,$LIEX, .ENTR

Q=T Ll e Y e T e e T Y Ll ol o = T L A A T 1 T DTl o T
I EAEEEENEERESEER AR R RS AR R R R R R

OO OO OO OOOCOOOCoOCOOCOQOOOOOOOOQLCCO

E d
0:) 0306 e e sz o0 20 he obr fe e ofe Shrofe s ohe o oh e b ot W bt o ol bt abn b b i robt shishe e o v ot bt e e s Npr b e e s bt e bt S i ol N b bt o e o o e
0 *
0 *  THE MICROCIRCUIT ®EG] JTE@.:EyrZT COLE MUST .
U * BE SET CORRECTLY BELSN FOR THIS SUBRDUTINE TO WORK
0 HLKT EQU 218

S DO B (= S D O~ O (1 ()

PN TR TN TNTN TN (VT NV N

Pt o
2=

MU41 *********mk*****mr L B o ot o b s e b b b b bbbt e o v st e v s ode o vt ot e e e e e e o b o cde v b o b o b de
IITE S
0043 STOR_ BSS 2
344 REQDF NuP
1045 LENTR
nide DEF STOR
ThE LD/ 3TOR
TRIE BE] ST IBUFR S
049 LO& STOR+1 .1 %
anso CM&, INR HE T PE
0051 STa COUNT SavE Mﬂﬁﬁ VOUMT
32 JSE $LIBR SHIAT OFF 1HTERRURTE
993 NP
54 =
NOSS  etoerar QUTPUT & LW TO BIT 0
LRR Y d'd Y “*
ANS7 cLA nLEAR A
T bR 3TH MOKT SEHD TO vl T Ol
:MSQ *
»uhn &
D31 ek START DATA AU ITZITION LOOF

= 4

L LA DELAY LR VAl UE

STa DELWD
is2 DELWD
JHE #=1

STo MCOKT.C
2FS MCKT

E X |
HOKT
IBUkH I

i
T
(U]

LY T Y |
SN = 3
TANIT T
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i
i TO MCKT CaRd

A D

QOO0 QG CL D00~
[ SN NI

F MCOKT PREVENT ILL INT

€ MCKT PREVENT _ILL INT

g $L1BX TURN INT SYSTEM ON
F

#+ §

CCCOOECCOC e

A §
JHMF READR, 1

L
sowandok DEFINE CONSTANTS
E

IBUFA BSS
COUNT BSS

S5 1
DELAY DEC -542
END

G

COCOCOC IO OO
WNGRBWIN-C

COCCOOCOC
LDAOADRONO O

T L7 DATPL

ACSTACAERY TR RS R

W
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wickrx T=00000 IS ON LU 03
FTH4

FUNCTION JBUDCIMORD>, REV A {158SEP32 CLF

06 90u e o8 ¢ 3he o0 30k ol 300000 e 3 e e 20 20e 30 20 o 39 e o o He e o 2 e 3 o sl 3B 24 o o s e ol o e 3 2 29 3c e 3k 3t 3 A 3e D¢ o o e e ik o sl e e op: o e ol e o

THIS FUNCTION TAKES A FOUR DIZIT BINARY CODED DECIMALCBCD)Y IMPUT
AND RETURNS THE INTEGER VALUE OF THE FOUR BCD DIGITS,

INPUT ARGUMENT: IWORD - 16 BIT INTEGER WORD CONTAINING FOUR LD
DISITS. IWORD IS NOT CHANGED. THE &CD
FORMAT IS: X
BITS 15 .. v i ittt 0
i /3421 .
8IT_ S B3 00 03421
WEIGHT N oDy o g0 guB 429
N2 00020000090 0342

REV A 18SEPB2 CLF ORIGINAL

o b o o o e obe oot 20 o e ol o8 o o o B e e o e o e SR o o 3ok ool S she o i s e b o 8 o 3 00 e ol e 3B o o 3 e SR S8 e ok o o b b o s s o

OO0 OCO OO OO OOOCOOOOOOOOCO
CCCOOOCC OO OOOOOOOoOCTOLR
CiCCCICUCICCICICICICITICICITCIOCIO

IO RIRIP KNI s ot b st e ot et et e S E S O OO SO
P RNT YT O AIN T (N [ 0 P W AT VE S AV T VRN YT EN AT N

ISIGHN=0 L

IFCIWORD .LT. 03XI3IGN=1 )

JBLD=TANDC IWORD , 17E > + 1 0+C [ANTY TWORD, 3608 /16 +
$ 100 ITANDC TIWORE:, 74008 3/7295 > + 10004 IANDC IWORD, 70000B >/ 4096 >
$ + 2000+%ISIGH

RE TLURN

END

EnD#




Rk T=00000 IS O Lid -9

0001 FTN4 i s s e il miiesim A
gag% SUBROUTINE RTRaGHCLY, LUDK, IDTRK,,MNWORDS >, REY A SHOYB3 L
1] C
l:ll]fjg ﬂ*******************#"N&'»‘*w#** A b Mo o b sl o e o b b ok e e o i ol M e b i e b bk b o o e
0oy C
QU6 © THIS SUBRODUTINE TRANSFERS THE DaTa STORED IM CPU MEMORY
B0o7  § BY SUBROUTINE READR TO DISC., THE DATA IS STORED OH & BTS
0o C DATA LU IN ADCHK FORMaT II1 aS CHabNEL 30.
00039 C IN RDDITION, THE VELOCITY IS CalCilLATED FPDM THE DATA IH
93}? c THE BUFFER AND STORED &S CH&MNEL 31,
1} [
Qg}% C  SUBROUTINE ARGUMENTS:
g C
- Qg}g C Ly - LOGICAL SMNIT OF OFERATOR TERMINAL
v L
QQ;% C LUbDK - DISC L WHERE DaTR IS TO BE STORED
Uy L
VITR R~ B IDTRK - DISC TRACK WHERE DaTa4 IS TO_BE_STORED _
?g;g ? IF =i, DIRECTORY WILL BE USED TD FIHD LOCATIOH
‘ .L- od
g2y © HWORDS -~ NUMBER OF wORDS 0OF DaTa STORED IH MEMORY
U= L
0&53 1 o o o e i s e i i S e £ o o o e e 1 T 8 O 4 8 o e
oozd o . L
2335 L The gensral saguence »f the file iz as follows:
DULH i
927 ROJMD HEADER
0023 CHAMNEL POIMNTERS
929 ElLt COMMEMNTS
30 C =
Vo3t C RY MEHTHTIDN INFORMATION FI2R CHANMEL 30
D32 C DOCUMEHTATION INFORMaTION FOR CHANMEL 31
D933 DaTé& WORDS FOR CHaMHEL 329
00324 Uala WOIRDS FOR CHaMNEL 3i
0035 © REMAINDER OF TRaCk IS FILLED WITH ZERDES
0n3s
|:”:'3$ ): ________________________________________________________________________________________________
03z o
QQE? L ROUND HERDER FORMST - SECTOR 6 OF DATa FILE:
g i
[T B IWord Contents
DL S ~———— e
oug4x o T % 2 hig (7 a floating point oumber which 12 3
andd C mount of fhe nuebsr of words in the +1la im~
nugs 1D whadiog eouny header, channel polinters, channsl
ugjé o douanentaticn arvd channsl data,
A i,
angds O Z.9 zat to 0
a4 [
(12311 B ] 1oYormation in @Z0l] r-w-ar T Ak *rwm
nosi ™ Lt : NS s 1 of e uar & 1. m*er
a2 0 54 { o4 Foeclt 1o gsade of these wor !'3.'3- Tty 1r Foone
npsE oo T i 1~1ﬁ1 thie R ocommand of alCHY.
NasSge [
““_': ,;,_.__....._.__._......-.-.-___.,..A..,.‘ < e e e s e s i S8+ em 8 A S s o 100 7% 2. i . 108 s e e . e s S 1 0. S s o om0 e o e b o
i
T CHAMMEL POIHTERT FoE@aT - 2EQTOR ( OF DaTa FILE:
-
0 el ohanrms
:: | I— M EATES 4
¥ Z.4 1 L v
i, . - lj'l:
At ioikT
e ' 4 ot
A TONES i - ? 'i.4 _: H
1 ¥
- o - e i e e it v - e e e o et m e e 1 oo
PEeUwo FELE COMMENTS - e Tos 0 T Dpta FILE
IR | 1.
Lo Tris weotor 1o F o aed itk o SOTRGHD,  Avcar s dans Frla
ve T 1# oreabted, oo wast oy men ba svad wD rsoord commants oo v 0D
oo CoOEFRRG e RECTER 0T Cafe Fine
. 1 C-S
AT A S S - e e o Sl L S




Qive C This sector iz Fillad with zerowy by TRAMS, It iz svsilanis tar
QU300 C future expansion if naCeszary,
0081 &
DB D o o e e o o 2 e
0083 o . ) . .
gggg E CHANNEL DOCUMEHTHTION FORM&T -~ 4 SECTORS FOR EACH SELECTED CHAMNEL:
0086 £ sector words HFage
0037 £ —e-=roem mmmemees e e o e 1 1 s a1 2 o e
0088 C i,2 1-128 Setug parametars taken directly from track 0.
8833 c TRANE makes no changes in any of these values,
C
0091 C 3 21 Channel No., )
0092 2-22 Mot used - sat to 0,
0033 ¢ _ .23 Bass ratsz, .
0024 L 24-34 Hot used ~ set to U, -
0095 ¢ 35536 gcale factor, , el T
bugs 37 Baselineg count (set to -$0956 by TRANS .
0037 C 33 Maximum count  (set o —4035 by TRANS ).
06098 C 39 tiriimum =ount <(set o -40%6 by TRANS),
0099 ¢ 40 Mot used = 0, T T
Urou L 31,92 ZLOp wWorad rolmber (Set Lo D DYy ITRANHD 2,
0101 © 43-54 Mot used = 0,
Q}gg C NCI=NOT CURRENTLY IMPLEMENTECD
uluos L
sig4 L 4 1—64 Fost event notes, This area 15 set to ASCII
3105 ¢ blarkzs by TRANS for later use by the N3 command
0iNe C of &lOHK,
B197
q!t_’g !:' —————————————————————————————————————————————————————————————————————————————————
Bz .- o i e el
l.}} !? C  CHANMEL DATA WORDES FORMAT!
U1y L
giiz o The first sslected channeils data words folloy ths rotes sactor,
o1i3 C The iocation 1z obtained from ths chanmnsl pointers 1n s=ctor
14 t of the first frack of tha data file, The number of words that
(::5 o a channel can take warizs Ffrom 1024-12288 in 1024 steps,
Mte
0gii7 The data walwuszs in memory ars2 in BCD format. Function JBCD is
0113 used to conwaeht the valuss to integer and thew are stored i ths
DRTR BT data file on disc in integer format,  Thse meamory waluss ranaz From
0120 N=-9923 byt are =2t arnd limitad £to ~2043 £o 41047, The rate is
izt C added i ko provives s data word format dentical to a standard
q; 22 ADCHE data word FORMAT I11 .
2127 C
[B] 24 }_ rm e o o 1 S = A e L o e 8 o S P 1 1 1 S 48 1 £ e 1 1 Lo o B e 1 o s 4 i e o s e o o o
0123
nize C 0 REV A 23MARS3I CLE ORIGINEL. ]
1 i SHOWEZ  SUF MODIFY FOR FORMaT II1 TO GET DDED RENGE.
L .
Q [MEEE X8 2 IR TR R R R S R N N SR A R R S SR A TR R BT L R R R R LR R R TE ER  E R R RR R
i i
0 RENGI=s e NN - L e atiic) POILEBLOTE 2 TITSC 1S
0 Towkrdd THE DATAR ARE Pro IHMOD THITS SUBROUTIHE THR I&0
’° COMAON TRIUF-
0 EQITVALENCE
2 T IELH 2O IRGTE SSa0nGE
f OuTa ILEL LEHIT 2R L SHDE 21N e
. € IZHD | SHF
i EaTi T 2esd L IBRATE. S
[
L IE ROIR 33 2 B T0n
i
- 1
v “
[ Y o
e Tie LR Ty
|“ .-:4
bt ey 9
IHIT il 0
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s C0 2 T S0 T 0 € & N AL D AL G WD AL (i 00 O 00 00 000 Q0000 Q000 00

220100 O Y 1O = D G0 =T Y B a0 = A0 B0~ O U] 3 a1 = 0 O~ T T Gl 1 = 00 00N

T T T T T T S D €T 0 S o S

e g g

ol oy, ok b itk ks e (T ¢

[

1
X
L
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i~

PRCPNCINE B SRR A i e gk Al et

IFCLUDK EQ. 18 .AND, ISTRK LT, 196)G0 To 120
IFCLUDK .GE. 19)HLEFT=1023-13TRK+1
IFCLUDK (EQ, 1B NLEFT=202-ISTRK+1
WRITE(LU,B0HLEFT
60 FORMATC "ONLY “.I4," TRKS REMAIN-~-CONTIMUECY OR HN?_"»
READ(LY, 8031
80 FORMATCAL > .
IFCI _.NE. IHYORETURN__
C s CHECK FOR_INVALID TRACKS
120 IF&I%TR% i§E3 2)G0 TO 260
140 FORS&; "fRaCKS D 3% 1 ARE NOT vaLID FOR TR COMMaND®
C
C sk BEGIN TRANSFER PROCEDURE
C
200 WRITECLU,2 b
220 FORMATC "éecm TRAMSFER. “ »
L weponkx READ H
CAaLL EXEC(IREHD LUDK MBIJF ,84,1,6)
C wkapokr SET WORD 0 TDTRL MORD LDUNT
COUNT=7¢eB, +FLuﬁTanDRDa*2-1
MBUF< 1 Y= ICOUHTS § 3
HBUF&2>=ILDUNT<2)
T ook ZERQ WORDS 3 % 4
nuUrn3>-0
MBUFfd)s

C wwopack SET FIRST 30 ADDRESSES STORED IN SECTOR 1 TO -1

J=E4+2m] ,
MBUFC J=1 3=ICOUNTC 1)
MBUFC Jd=TC0OUNTC 2
260 CONTINUE
L Aok SET CHANNEL 30 ADDRESS TO 789
COUNT=759
MBUFC 125 »= [SUNTC 1
MBUFC 126 >=I00HT(Z )
ook SET CHAMMNEL 21 _ACDRESS
COUHT=COUNT+FLOATC HWORD:
MBUFC 122 d=ICDiNTC1 2
MBUF (128 >=ICOUNT 2

wopdek INSERT DATa FILE NOTES SECTOR (ALL BLANKS )

Lo 230 J=12%,.13
280 MBUF(J)=IBLNL
Iﬂ

[y)

<

[l lw]

f\l

L]

*

*

*

*
-i
"
Z
[¥x]
m
o]
—
-
o
\JI
lll,

SECTOR FOR FUTURE EXPANSION JaLL ZERDES?
S5

#**** MRITE FIRST FOUR SECTORS TD DISC
CAlL EXECC IWRT,LUOK, MBLF 296, I0TRE, D)

Ak ITNSERT CHANMEL DOCUMENTATION FOR RECOIL TRAVEL <CH 30>

soborder GET CHAMMEL SETIUP PARAMETERS
ISCTR=3%ICHAHN
CALL EXECC IREAD, LUDK, MBILIF , {25, 0, ISCTR>
C oAy SET CHANHEL 30 T SELELTED
MEuFc 1 =138 o
ok FLILL CHAMEEL (00 PARSHMETERS
HBUEQ_EBN—IJhHN
i} 320 Jd=2,49
324 HEHF<12q+07=&
BUFC IS s=1BRATE _
o &w**+ GET SCALE Fﬁt?ﬂﬁi=ﬁﬁu£ FRo TOR 2
’-
j

[y

CIC G

MEUFC 163 y=pMBiis
MBUFC 154 re=B R |
”V”Ftl SJtmdﬂag

L acpscd FILL NEs
D 340 J=

TR WITH BLanKS
240 NCUF-J'—IEl' '

Codexaskr WRITE MEXT pulitR SECTORE T DIT

- CALL BEAECT TRT, LUk, MBILIF 254 erFk 43

Coawewr INSERT DHO LR JODUMEHTATION ¢OR RECOIL VELOTITY JOH 21 .

[N .

nd -4

c-7 ——

e T T T T e e N S T T T RN

.’(:(- -‘i‘_ . L' -:‘ L‘_ L‘NL'.L-.L‘ L.L‘-:_'-:"A"-l_' ‘A_- s L' ,L' L'.A.’ .L'..Q '.k..L ..L..L‘.:‘-L-.L‘.L..L‘-Lf..!_ - .’ - .L Y W 'f";"‘; ‘:".:".‘ .L_!




0239 © dokkok USE SAME YALUES AS CH 20 EXCEPT CHANGE PLOT LABELS qAMD SOALE FHITOR ]
U240 C #xdwd CHANGE PLOT_LABEL L
0241 DO 360 1=37,53 R
0242 360 MBUFCI)=ILBL{1-36) o
0243 C wmmworx SET PLOT UNMITS ,;1
U294 CNT=1 o
0245 CﬁLL LOOKS(MBIIF{ 54 3, ICHNT, 1) ‘
0246 IFCICNT .GT 9 ICHT=9

)

0247 DO 330 I=i ,15—IFNT

0248 380 MBUFC(SI+ICNT+I d=IUNITSC B
0249 C swwneok BLANK REMARKS

0250 DO 400 I=63, 102

0231 400 MBUFCI »=IBLNK

y wopphx SET CHANNEL HND

b

AL A
e e % e
P AV WP BN B R SR

o
Y
[
LV
©

0253 MBUFC 128 =T HAN+ Y ) .
0254 MBUFC 123 >=ICHaN+1 ~
4 U255 C sk SET_SCALE FAUTOR N o
V256 ICOUNT( 1 d=MBUEC 1635 T
- 0257 IGQQﬂTﬁé?-"BUF*lbéf ]
U253 COUNT=COUNT/ 0, DUT1E8 -
0259 HEBUFC 163 )= [COUNTE 1 5 71
V260 MBUFC 164 d=1000NTC2 ) - "
D261 C v WRITE NEXT FOUR SECTORS TO DISC
ggg% c CALL EXECC IWRT,LUDK,MBUF , 256, IDTRK .8 L
= 6. el
qg@g C #waorr PROCESS DATE FROM MEMORY ~ CONYERT BCD TO INTEGER W
Y2 C T
U266 DD 500 I=i,NWHIRDS A
0267 IBUFC I 3=, JB_LD’ IBUFCT 3 =204 4
0268 IFCIBUFC T o7, 2042 2IBUF( [ »=2047 T
0269 IFCIBUFCT ) LT, =2048)31BUFC [ 22-2042 -
3270 IFCIBOUFCT S (LT, 0 IBUFCT »=IaMDC TBUFC I3, 37778)0+40008 o
0271 IBUFC I )>=IBUFC L s+ IRATE SN
0272 S00 CONTINUE o
0273 ¢ ) e e
U274 C et TRANSFER DaAT& TO DISC )
02?7s © 2
U276 ISCTR=12 e
0277 INDEX=1 ———
uzes KarT=3376 —
0279 IBAL =NIWORDS RE
3280 __ ISWToH=0 o
D281 520 ;FcIBnL LT HAMT SKAMT=1B4 P
0232 CALL EXECT TWRT, Luuh,l?UF(INtE ) EANMT, IDTREK, ISCTR) SN
0223 IBAL=1BAL ~k&MT o
0284 iFCIBAL &R, M3 TO 540 G
0253 IN EV=INDEV+ LAMT ;
0225 KAMT=6]44
0257 IDTRK=1DTRK+1 —
0S8 ISCTR=0
g9 G2 T S20 R S
0220 5S40 IFCISWTOH JES. 1 M50 TO Vin .
0291 C e -
@gg% C skt PROCESS DATaA TO GET Wil i R
0293 L
0234 O wawr REMOVE PnTr CODE AHD CONVERT BACK TO INTEGER r
gg [ L MniaR Dok >
o996 . -
p297 _GENE _ = TO ADCHK FORM&T T
035 = - RS
a9 IBUFtI-=IBHFvfr11~IBUFfY~ S
0300 IFCIBUFC T 2 ] 2047 2IBUFCT 22047 %
1310 IFCIBURST > LT, =042 3 [0FC T r=-2 048 e
IFCIBOFC T 0T, 0 IBUFC I =1ANH0C TBUFC I ¥ ZF77B M40 005 S
BUFC I =IBUFC I s+ IRATE -—
o400 CONTINUE -
n’ﬂb L owworrd SET LAST Mi‘u Tii ZERD TO CEEP BUFFER SIZE IN 1y ITHOREMEHV v
IBUF HWORDS = e
{ ‘-
Lo SET UP TO TRANIFER DaTa TO DI:2D RN
[ -~
IHDE =1 -
IFCEAMT B0 <idd (IUTRE =TOTRE+1 N
R Te=aigd-[ 0 (75 rda o>
TEAL =NORDS o
IShiiToH=1 )
L T S20 c-8 tw
N A




A 0319 C wewwx 2ERD REMAINDER OF TRACK e
" 0321 700 IFCKAMT .EQ, £144330 TO 200 e
R 0322 IBﬁL-6144~KaMT~b4*ISCTa s
: 0323 720 Tgurclsmg ’lEAL S
) 0325 193?R-Kﬂﬂ1/eq+lscta :“
0 332; CALL EXECC IWRT,LUDK, IBUF, IBAL, IDTRK, ISCTR) b
3 3§§3 § wewnr TELL OPERATOR WHERE DAT& WENT zgﬁ
- 0330 800 KAMT=IDTRK-ISTRK+{ I
“ 0331 NWORDS=768+2 #HUDRDS~ 1 =
. 0332 WRITECLU, 820 YNWIRDS , LUDK , ISTRK , KAMT A
0333 820 Foana TCIS, ¥ WORDS TRAMSFERRED TO BIsK LU",13," TRACK", IS/ .

0334 0X,13," TOTAL TRACKS UTILIZED"S D

0335 C ——— cnscx IF DIRECTORY 4aS USED . o

: gggg c IFCKGIR .ER. ©RETURN o
N 3%33 g warnr UPDATE THE DIRECTORY =
0340 C wowxsoxk READ EXISTING DIRECTORY o

0341 CALL EXECK< IREQD, LUDK,MBUF,256,1, 0) .

0342 C sskk MODIFY ENTRIES s

0343 NFILE=NFILE+ 1 L

- 0344 BUFC 1 y=ISTRK B
0345 MBUEC 2 d=NF ILE o

0346 MBUF< NF ILE#2+1 >=ISTRK S

0347 NBUF(NFILE*2+2J=KQMT i

0348 C »wkek WRITE IRECTORY e

] 0349 CALL ENECCINRT LUBK. MBUF,256.1, 05 —
3 0350 RETURN o
- 0351 END =
g 352 END$ ol
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